A novel method for determination of inorganic arsenic in natural water, based on nano ferric hydroxides (FeOOH) preconcentration and electrochemistry detection has been developed. As the nano α-FeOOH could successfully act as the adsorbent and electrode matrix modifier, the method presents great potential in practical routine analysis of inorganic arsenic. With optimization of the experimental conditions, nano α-FeOOH modified carbon paste electrode (α-FeOOH@CPE) was obtained by mixing 0.03 g of nano α-FeOOH and 0.02 g graphite powder in n-eicosane as an adhesive and then embedding them in a Teflon tube. Cyclic voltammetry, chronoamperometry and high resolution transmission electron microscopy were used to check and confirm the presence of nano α-FeOOH on the carbon paste electrodes. According to the results, α-FeOOH@CPE showed a considerably higher response to As(III) in comparison with the bare CPE, indicating the α-FeOOH has well selective enrichment for As(III). The developed modified electrode showed a linear range of 1.0 × 10 -8 ~ 2.0 × 10 -5 mol·L -1 and detection limit of 5.0 nmol·L -1 (S/N = 3). The newly prepared carbon paste electrode was successfully applied for As(III) determination in Yangzonghai Lake water with RSD of less than 3.6 % (n = 3) and recovery in the range of 100.7  115.0 %.
INTRODUCTION


Arsenic is a toxic non-metal element, which is widely distributed in the earth's crust, soil and water. Its concentration in water sources has lately been increased due to increasing industrial activity related to production of pigments, insecticides, herbicides and some other related materials. Unlawful drainage of by-products of these industrial processes constitutes the main road for As contamination of waters sources [1, 2] . Therefore, arsenic pollution has become a global health threat due to its universality and toxicity. Particularly, inorganic arsenic and its compounds, being more toxic than organic arsenic species, are considered as a potent human carcinogen [3, 4] .
In natural waters, the arsenic is mostly inorganic, i.e., arsenate and arsenite ions, denoted as As(V) and As(III) [5, 6] . When pH of natural waters is near neutral, As(III) exists mainly in the form of neutral molecules, while As(V) exists mainly in the form of oxygen-containing anions, so electroneutrality As(III) is more difficult to adsorb by adsorbent than As(V). Arsenite [As(III)] is accepted as being more toxic than arsenate [As(V)] [7] . Hence, it is urgent to develop sensitive, rapid, and simple methods for analysis of trace inorganic arsenic.
At present, atomic absorption spectrometry (AAS) [5, 8] , hydride generation atomic fluorescence spectrometry (HGAFS) [9 -11] , and high performance liquid chromatography hyphenated to technique inductively coupled plasma mass spectrometry (HPLC-ICP-MS) [12 -14] are the most effective methods for determination of inorganic arsenic. Although a large number of arsenic detection methods have been available, most methods only suitable for laboratory conditions, and the analysis results are sometimes not typical due to the physical and chemical properties of the sample may change during the collection process. In addition, the instruments used in these methods are expensive, complex, time-consuming, and even produce highly toxic AsH3.
Compared with the methods mentioned above, electrochemical analysis possesses of excellent characteristics like convenience in performance and simplicity in apparatus [15, 16] . Jiang et al. reported a system using ultrathin SnO2 nanosheets with high reactive exposed (110) surface modified gold electrode for sensitive detection of As(III) by square wave anodic stripping voltammetry (SWASV) with a mild acid condition (pH 5.0) [17] . The modified electrode exhibits good performance in stripping determination of As(III). The LOD actually measured is 5 μg L -1 . Zhou et al. developed an electrochemical method for direct determination of inorganic arsenic (As(III), As(V)), and total inorganic arsenic using an electrochemically etched gold wire microelectrode (Au-ME) by square wave anodic stripping voltammetry [18] . The determination of As(III) in 0.5 M H2SO4, the sensitivity increases 1.5-fold to 6.8 μA cm -2 ppb -1 and the limit of detection (LOD) decreases 2.8-fold to 2.6 ppb.
Despite the above methods have lower detection limit and higher sensitivity, but there are still some problems, such as the electrode surface can be easily adsorbed with some analytes or intermediates and cannot be removed, the modifier is easy to fall off, which impacts the accuracy and stability of the detection result. Therefore, the development of new materials with environmentally friendly, easy to modify, good performance and easy to update the surface is the direction of researchers' efforts [19] .
In nature, iron exists mainly in the form of oxides or hydroxyl oxides, which has a great variety, and content is quite rich on the earth's surface. In addition, iron has a strong affinity for arsenic [20] . Therefore, iron oxides and oxyhydroxides (FeOOH) adsorption is the most widely used method to remove arsenic in water, rather than to ion exchange, membrane separation penetration, biological and electrical release arsenic and other methods, it is more effective and cheaper. Moreover, it has the advantage of easy operated and no environmental pollution effect. The study about iron oxides and oxyhydroxides such as goethite, hematite, amorphous iron hydroxide removal of arsenic has been reported [21 -24] .
Carbon paste electrodes (CPEs) have attracted attention as ion selective electrodes mainly due to their advantages over membrane electrodes such as renewability, stable response, low ohmic resistance, no need for internal solution [25 -27] . The electrode containing adsorption materials tends to show selective behaviors. Besides, this modifying agent can preconcentrate the analyte in the electrode due to the high adsorption capacity of these materials.
Therefore, based on excellent adsorption properties of FeOOH on arsenic, using the regenerative and stability of CPE, a α-FeOOH@CPE has been developed for simple, sensitive and repeatable determination of arsenic ions in natural water. The prepared electrode showed very interesting analytical characteristics. To our knowledge, this is the first report on the application of nano α-FeOOH as a recognition element in the carbon paste electrode composition and its using as a amperometric sensor for trace level As(III) determination.
MATERIALS AND METHODS
Apparatus and instrumentation
Electrochemical data were obtained with a threeelectrode system using CHI 660D electrochemical workstation (Shanghai CH Instruments Co., China) and 797 VA Computrace (Metrohm, Switzerland). A three electrode cell (10 mL) with the carbon paste electrodes modified with nano α-FeOOH were used as a working electrode, a saturated calomel electrode (SCE) as reference electrode and a platinum wire electrode as counter electrode was used. All potentials were measured and reported versus SCE.
Reagents and chemicals
NaAsO2 were purchased from Xiya Reagent Co., Ltd. (Chendou, China); Graphite powder (APS, 2 ~ 15 μm, 99.9995 %) were purchased from Sigma Aldrich (USA); FeCl3, Citric acid and Na3C6H5O7·2H2O were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China); All chemicals were of analytical grade or better quality and used as received, and Milli-Q ultrapure water (18.25 MΩ) was used throughout the experiments.
The stock solution of As(III) was prepared by dissolving appropriate amount of NaAsO2 in de-ionized water. The working standard solution was obtained by diluting the stock solution with de-ionized water.
Synthesis of nano α-FeOOH
Nano α-FeOOH was prepared by hydrothermal method under ambient temperature. Firstly, the pH of 2 L deionized water was adjusted to 8.6 through mixing 0.1 mol L -1 NaHCO3. Then 0.04 mol L -1 FeCl3 solution were added into above solution and stir well, which was sealed and kept at ambient temperature for 45 d. The resulting yellow-brown product was centrifuged and washed with distilled water and absolute ethanol several times, and dried under vacuum at 60 °C overnight to obtain nano α-FeOOH.
Preparation of the sensors
For construction of the α-FeOOH@CPE, 0.02 g graphite was homogenized in a mortar with 0.03 g of powdered nano α-FeOOH for 10 min. Subsequently, 18 µL n-eicosane was added to the graphite/FeOOH blend and mixed with a stainless steel spatula. The final paste was used to fill the bottom of teflon tube (2.00 mm in diameter and 5.00 mm in depth) and then a copper wire (5.00 cm in length) was inserted into the other end of the teflon tube. After drying at room temperature, the excess of solidified material was removed with the aid of a sheet of weigh paper. The electrode can be reused after each experiment by moving the electrode surface on a paper in order to rub out a thin layer of the electrode surface. The pure carbon paste electrodes (CPE) were prepared in the same way as above in the absence of imprinted polymer.
Electroanalytical measurements
The electrochemical characteristics of the α-FeOOH@CPE were characterized by cyclic voltammetric and amperometric measurements. Cyclic voltammetric measurements were carried out in 10 mL of 0.1 mol L -1 citric acid/ sodium citrate buffer solution (pH 4.0) at room temperature from -0.8 V to + 0.6 V with a scan rate of 100 mV s -1 . The amperometric detection was based on the change in the current response (Δi) before and after different concentrations of As(III) was added in acetic acid buffer solution and the potential for the determination of As(III) was -0.4 V. Fig. 1 shows the TEM image of the prepared nano α-FeOOH by hydrothermal method. The samples are both nano needle structures, whose sizes are uniform about with five micrometers in length and twenty nanometers in diameter. To investigate the structural details of α-FeOOH, HRTEM studies were performed taken from uncovered nano α-FeOOH (Fig. 1 b) . The well-resolved lattice planes illustrate that the nano α-FeOOH is highly crystalline and structurally uniform. The measured interplanar spacing is about 0.398 nm that is consistent to the separation of {110} planes of orthorhombic phase α-FeOOH. The presence of pattern spots in SAED pattern (shown in the inset of Fig. 1 b) reveals the single crystalline nature of the selected area. Fig. 1 c shows the XRD image of the prepared nano α-FeOOH, which illustrates that the formed FeOOH is six party most densely stacked structure, and there's no other impurity.
RESULTS AND DISCUSSION
Characterization of nano α-FeOOH
Electrochemical characterization of α-FeOOH@CPE
The electrochemical properties of the resulting α-FeOOH@CPE (a) and CPE (b) were investigated by cyclic voltammetry in 10 mL of citric acid/ sodium citrate buffer solution (pH 4.0) with 6.0 × 10 -6 mol L -1 As(III). It can be seen from Fig. 2 that an obvious reduction peak (φ = -0.4 V) was observed for α-FeOOH@CPE (curve a), but CPE did not, while the solution containing 6.0 × 10 -6 mol L -1 As(III). Which is caused by the reduction of As(III) to As(0) in this process [28] . This result demonstrates that As(III) was reduced only in the α-FeOOH@CPE. The reason might be FeOOH is a semiconducting material with good conductivity and it has certain catalytic activity, which accelerate the electron transfer between electrodes and solutions, and enhance the amperometric response to As (III).
Optimization of the conditions for α-FeOOH@CPE preparation
In order to find the optimum composition for the α-FeOOH@CPE, the effects of the component of the electrodes including FeOOH and graphite powder on the α-FeOOH@CPE behavior were investigated.
The α-FeOOH@CPE was prepared with a fixed amount of graphite (0.02 g) and different amounts of nano α-FeOOH (0.01, 0.02, 0.03, 0.04 and 0.06 g). The obtained results are shown in Fig. 3 a. It is clear that the maximum response of the prepared sensor appears in the nano α-FeOOH amount of 0.03 g. The α-FeOOH@CPE response increased with the increment of the nano α-FeOOH, the possible reason was that α-FeOOH can adsorption more As (III) on the electrode surface. However, increasing the α-FeOOH above a threshold amount led to a decrease in the response of the prepared sensor, most probably due to the conductivity decrease on the electrode surface [29] .
The effect of the amount of graphite powder was also investigated. As presented in Fig. 3 b, the optimum amount of graphite powder was 0.02 g. As the amount of graphite powder increases, the initial increase in the response can be related to the enhancement in the electron transferring capability of the electrode. And, subsequent signal 
Optimization of determination conditions
In order to improve the sensitivity of the α-FeOOH@CPE, determination conditions like the composition and pH of the electrolyte solution as well as the applied potential was optimized. 0.1 mol L -1 acetic acid buffer solution (pH 4.0), 0.1 mol L -1 citric acid/ sodium citrate buffer solution (pH 4.0) and 1/15 mol L -1 phosphate buffer solution (pH 4.0) as supporting electrolytes were studied using amperometric responses containing 6.0 × 10 -6 mol L -1 As (III). Preliminary results show it has the strongest current response in the citric acid/ sodium citrate buffer solution. On this basis, we studied the effect of the citric acid/ sodium citrate buffer solution pH on current response. The results are shown in Fig. 4 . The experimental results indicated that arsenic ions exhibit a sensitive electrochemical response in the citric acid/sodium citrate buffer solution (pH 4.0).
Therefore, pH 4.0 citric acid/ sodium citrate buffer solution was used for the determination of As(III) to achieve higher sensitivity.
The effect of applied potential on the α-FeOOH@CPE response was studied in citric acid/ sodium citrate buffer solution (pH 4.0) containing 6.0 × 10 -6 mol·L -1 As(III). As can be seen from Fig. 5 , the response current of the increases as the potential decrease from 0.3 to -0.8 V, and maintains its maximum value in the potential range of -0.4 to -0.8 V. To avoid interference at high negative applied potential, a potential of -0.4 V (vs. SCE) was selected as the applied potential for amperometric measurements. 
Amperometric i-t curve
The affinity of the α-FeOOH@CPE, and bare CPE to As(III) was investigated with a concentration range from 1.0 × 10 -8 mol·L -1 to 2.0 × 10 -5 mol·L -1 by amperometric i-t curve at the potential of -0.4 V. Each concentration change induced a current change. As shown in Fig. 6 , the amperometric currents of the α-FeOOH@CPE increased with the increment of As(III) concentration.
And the current can be stabilized in 100 seconds, indicating that the electrode reaches the adsorption equilibrium. Noticeably, the sensitivity of α-FeOOH@CPE is significantly greater than that of the bare CPE, indicating that the specific adsorption performance of α-FeOOH can enhance amperometric response to As(III). Inset in Fig. 6 shows a linear relation between the response currents and As(III) concentrations range over 1.0 × 10 
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The limit of detection of the α-FeOOH@CPE, which is defined as the lowest concentration of As(III) producing a peak current 3 times higher than the standard deviation of 9 blank measurements, is found to be 5.0 × 10 -9 mol·L -1 (or 0.375 μg L -1 ), well below the 10 μg L -1 maximum allowed limit required by WHO [32] . 
Selectivity, repeatability and stability
To further investigate the selectivity performance of the α-FeOOH@CPE, the response currents of the α-FeOOH@CPE to 1.0 × 10 -6 mol·L -1 As(III) and different concentrations of other referencing ions were detected by amperometric responses in citric acid/ sodium citrate buffer solution. As you can see from were found no interference in the detection of As(III). Therefore, the α-FeOOH@CPE has a high selectivity to arsenic ions. To investigate the reproducibility of the electrochemical method, three α-FeOOH@CPE were prepared under the identical experimental conditions to determine 6.0 × 10 -6 mol·L -1 As (III). The calculated RSD of the peak currents obtained with different sensors was 7.0 %. Moreover, three separate determinations of As(III) by the same electrode resulted in an RSD = 4.2 % (n = 3). The stability of α-FeOOH@CPE for determination of 6.0 × 10 -6 mol L -1 As (III) were also assessed. The results show that the electrode can hold more than 87 % of its original current response after used more than 60 times. All these results can prove that the proposed α-FeOOH@CPE has excellent storage stability and reproducibility.
Sample analysis
The obtained α-FeOOH@CPE was validated by analyzing the arsenic content in the natural water samples from Yangzonghai Lake. The results presented in Table 2 suggest that the recoveries of As(III), via the standard addition method, are in the range of 100.7115.0%, and the reproducibility of the procedure, expressed as RSD, is less than 3.6%, which indicates the method could be accurate for arsenic analysis in real water samples. 
CONCLUSIONS
In this paper, a novel electrochemical sensor has been constructed for detecting As(III) in natural waters using nano α-FeOOH modified carbon paste electrode. Nano needle α-FeOOH was synthesized by the simplest hydrothermal method under ambient temperature. Iron has a strong affinity for arsenic. Thus, nano α-FeOOH played the role of a pre-concentrator to exhibit high selectivity as well as a low detection limit. As a result, the developed sensor showed high selectivity and high sensitivity. With the advantages of easily surface regenerate, simple preparation and low cost, the modified electrodes have great space for development in practical applications area. 
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